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(Al) $n$ $N=\{1,2, \cdots,n\}$ $V$ 1 .
(A2) , $i\in N$ $P\iota$ .
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(A3) , $S\subseteq N$ , $V$
$S$ . , $i\in S$
$\alpha_{\dot{2}}^{S}V$ . , $S\subseteq N$ .
$\alpha_{1}^{S}\geq 0,$ $i\in S$,
$\sum_{:\in s}\alpha_{i}^{S}=1$ (1)
(A2) , $S\subseteq N$ $p_{S}^{I}$
.
$p_{S}^{I}= \prod_{j\in S}p_{j}\prod_{k\in N\backslash S}(1-p_{k})$ (2)
, $N$ , $i$ $v_{i}$
.
$v_{i}= \sum_{s\subseteq N,S\ni i}V\alpha_{\dot{*}}^{s}p_{S}^{I}=V\sum_{s\subseteq N,S\ni i}\alpha_{i}^{S}\prod_{j\in s}p_{j}\prod_{k\in N\backslash s}(1-p_{k})$
(3)
, , $N$ , $N$
$V$ $N$ . , $N$
. , $N$
$p_{N}=1- \prod_{j}\in N(1-p_{j})$ , $v_{N}=V(1- \prod_{j\in N}(1-p_{j}))$ . ,
(1)$-(3)$ , $v_{N}= \sum_{i\in N}v_{i}$ .
$\sum_{i\in N}v_{i}$
$=$
$V \sum_{\in N}\sum_{s\subseteq N,S\ni i}\alpha_{i}^{S}p_{S}^{I}=V\sum_{s\subseteq N,S\neq\emptyset}\sum_{i\in S}\alpha_{i}^{S}p_{S}^{I}=V\sum_{S\subseteq N,S\neq\emptyset}p_{S}^{I}$
$=$ $V( \sum_{S\subseteq N}p_{S}^{I}-po)=V(1-p_{\emptyset}^{I})=V(1-\prod_{1\in N}(1-p_{i}))=v_{N}$ (4)
(inessentail) , (Al)$-(A3)$
1 .
, , $N$ $p_{N}$
$PN>1- \prod_{i\in N}(1-p_{i})$ .
, 1 1 ,
,
$v_{N}= \sum_{i\in N}v_{1}$ , .
, $p_{N}>1- \prod_{i\in N}(1-p_{i})$
. , $- \log_{a}(1-p_{N})>\sum_{i\in N}\{-\log_{a}(1-p_{i})\}$ . ,
$a>1$ . , $S\subseteq N$ $p_{S}$
, $-\log_{a}(1-p_{S})$
$h(S)\equiv-\log_{a}(1-p_{S})$ (5)
. , $1-p_{S}$ , $S$ . $h(S)$
, (N) $> \sum_{i\in N}h(\{i\})$ ,
$S$ $h(S)$ , (essential) . $h(S)$
, $a$ ’ . , $h(S),$ $S\subseteq N$
.
, $S$ $p_{S}$ , $h(S)$
(5) . $S$ $p_{S}=1-a^{-h(S)}$ . $N$
143
$h(N)$ $\{x_{i}, i\in N\}$ , $x_{i}$
$i$
$=1-a^{-x}$ . (6)
. $p_{N}=1-a^{-h(N)}=1-a^{-\sum_{\in N}x}=1- \prod_{i\in N}(1-(1-a^{-x}\cdot))$
. . (6)
$\tilde{p}_{i}$ , $\grave$ $x_{i}$ $a$ ’ .
, $N$ $V$ , $x_{i}$
$i\ovalbox{\tt\small REJECT}$ $V$ . $(A1)-(A3)$ ,
$S$ $V$ , $i\in S$ $V/|S|$
. , (A3) $\alpha_{i}^{S}$ $\alpha_{i}^{S}=1/|S|$ ,
$i$ , (3)
$v_{i}=V \sum_{S\subseteq N,S\ni\dot{\iota}}\frac{1}{|S|}\tilde{p}_{S}^{I}=V\sum_{S\subseteq N,S\ni i}\frac{1}{|S|}\prod_{j\in S}\tilde{p}_{j}\prod_{k\in N\backslash S}(1-\tilde{p}_{k})$
. , $S$ ,
$N$ $N$ , , $\tilde{p}_{S}^{I}$
$Pr$ { $S$ $|N$ }
$=Pr$ { $S$ } $/Pr$ { $N$ } $= \prod_{j\in S}\tilde{p}j\prod_{k\in N\backslash S}(1-\tilde{p}_{k})/p_{N}$
$V$ $i$ .
$\beta(i)=\frac{1}{p_{N}}\sum_{s\subseteq N,S\ni i}\frac{1}{|S|}\prod_{j\in S}(1-a^{-v_{j}})\cdot a^{-\sum_{k\epsilon N\backslash s^{x_{k}}}}$
(7)
, $\sum_{i\in N}\beta(i)=1$ .
, . ,
$S$ $ps$ , $h(S)$ (5) .
, $N$ . $\{x_{i}, i\in N\}$
, $x_{i}$ $\tilde{p}_{i}$ (6) , ( )
. ,





$p_{S}$ . , $S$ $T$ $P’r$ . $S$
$T$ $p_{S\cup T}$ , $1-(1-p_{S})(1-p_{T})$
. , ( 1) $S$ $h(S)$ , $ps$ $F(p_{S})$
. $p_{S\cup T}$ $S$ $T$
, $h(S\cup T)$ , $h(S)$ $h(T)$
. , ( 2) $S$ $T$
, .
144
, $F(1-(1-ps)(1-p\tau))=F(ps)+F(p\tau)$ . , $\kappa(x)\equiv F(1-x)$
, $\kappa((1-p_{S})(1-p_{T}))=\kappa(1-p_{S})+\kappa(1-p_{T})$ $0\leq p_{S},$ $p\tau\leq 1$ .
, $\kappa(x)=\alpha\ln x$ ( , $\alpha$ ) , $S$
$h(S)=\alpha\ln(1-p_{S})$ . , $\alpha=-1/\ln a(a>1)$
, $h(S)=-1\circ g_{a}(1-p_{S})$ .
$h(S)=-\log_{a}(1-p_{S})$ (8)
$p_{S}$ ,
. , $h(S\cup T)>h(S)+h(T)$ , $S$ $T$









(Cl) , $K=\{1, \cdots, K\}$ $T=\{1, \cdots,T\}$ $KxT$
.
(C2) , $\omega$ $\{\omega(t), t\in T\}$ . , $\omega(t)\in K$
$t$ . , $\Omega$ .
(C3) $n$ , $N=\{1, \cdots,n\}$ . $k$ $t$ $\Phi_{k}(t)$
. $\varphi=\{\varphi(i, t),$ $i\in$
$K,$ $t\in T\}$ . , $\varphi(i, t)\in R$ $t$ $i$
. , $\tau$ .
(C4) $\omega$ $\varphi$ ,





. $\hat{T}=\{\tau, \tau+1, \cdots, T\}$ .
$S\subset N$ .
$\Psi_{S}=\{\varphi|\sum_{*\cdot\in K}\varphi(i, t)\leq\Phi^{S}(t)\equiv\sum_{k\in S}\Phi_{k}(t), t\in\hat{T}, \varphi(i,t)\geq 0, i\in K, t\in\hat{T}\}$
(9)
, $\omega,$ $\varphi$ . $t$ $\omega(t)$ ,





$P(\varphi,\omega)$ $=$ $f( \sum\alpha_{\omega(t)}\varphi(\omega(t), t))$
$\iota\in\hat{T}$
(11)
$\pi=\{\pi(\omega), \omega\in\Omega\}$ . $\pi(\omega)$ $\omega$ . $\pi$
.
$\Pi=\{\pi(\omega)|\sum_{\omega\in\Omega}\pi(\omega)=1, \pi(\omega)\geq 0, \omega\in\Omega\}$
(12)
$\varphi$
$\pi$ $P( \varphi, \pi)=\sum_{\omega}\pi(\omega)P(\varphi,\omega)$ , $\pi$
, $\varphi$ ,
[3], , $S$
. , . $\Pi$ ,
.
$\max_{\varphi\in\Psi_{S}}\min_{\pi\in\Pi}P(\varphi,\pi)=\max_{\varphi\in\Psi_{S}}\min_{\omega\in\Omega}P(\varphi,\omega)=\max_{\varphi,\zeta}\{\zeta|f(g(\varphi,\omega))\geq\zeta, \omega\in\Omega\}$
$f(\cdot)$ $\eta=f^{-1}(\zeta)$ , .
$= \max_{\varphi.\eta}\{f(\eta)|g(\varphi,\omega)\geq\eta, \omega\in\Omega\}=f(\max_{\varphi,\eta}\{\eta|g(\varphi,\omega)\geq\eta, \omega\in\Omega\})$
, $\max_{\varphi,\eta}\{\eta|g(\varphi, \omega)\geq\eta, \omega\in\Omega\}$
.
$P_{S}$ : $w(S)= \max_{\varphi,\eta}\eta$





$\varphi(i, t)\geq 0,$ $i\in K,$ $t\in\hat{T}$ (15)
$w(S)$ , , $f(w(S))$
. , , $P( \varphi, \pi)=\sum_{\omega}\pi(\omega)g(\varphi,\omega)$
, $\pi$ $\varphi$
, .
1 $w(S)$ . , $A,$ $B\subseteq N,$ $A\cap B=\emptyset$
$A,$ $B$ , $w(A\cup B)\geq w(A)+w(B)$ .
: $A,$ $B\subset N$ $(P_{A}),$ $(P_{B})$ $\eta_{A}^{*},$ $\eta_{B}^{*}$ , $\varphi_{A}^{*},$ $\varphi_{B}^{*}$
, $\varphi(i, t)=\varphi_{A}^{*}(i, t)+\varphi_{B}^{*}(i, t)$ . ,
$\sum\varphi(i,t)=\sum\varphi_{A}^{*}(i,t)+\sum\varphi_{B}^{*}(i,t)\leq\sum_{k\in A}\Phi_{k}(t)+\sum_{k\in B}\Phi_{k}(t)=\sum_{k\in A\cup B}\Phi_{k}(t)$
$i\in K$ $\{\epsilon K$ $i\in K$
, $\sum_{\ell\in\hat{T}}\alpha_{\omega(t)}\varphi(\omega(t), t)\geq\eta_{A}^{*}+\eta_{B}^{*}$ , $\varphi(i, t)$ $\eta=\eta_{A}^{*}+\eta_{B}^{*}$ $(P_{A\cup B})$
. , $w(A\cup B)\geq\eta_{A}^{*}+\eta_{B}^{*}=w(A)+w(B)$ . QED.
, $(P_{S})$ $(D_{S})$ , $\{\pi(\omega),\omega\in\Omega\}$ .












, $\Omega_{it}$ $t$ $i$ $\Omega_{it}=\{\omega\in\Omega|\omega(t)=i\}$ .
$f(x)=1-\exp(-x)$ , $S$ $P(S)$ $P(S)=1-\exp(-w(S))$
, $a=e$ ( ) (8) $h(S)$ $w(S)$ .
. 1 $h(\cdot)$ ,
. , 1
.
1 $N$ $(D_{N})$ , $\nu^{*}(t)$ $x_{k} \equiv\sum_{t\in\hat{T}}\nu^{*}(t)\Phi_{k}(t)$ ,
$\{x_{k}, k\in N\}$ .
: (16) , $w(N)= \sum_{k\in N^{X_{k}}}$ . , $S\subset N$
$w(S)= \min_{\nu,\pi}\sum\sum\nu(t)\Phi_{k}(t)\leq\sum\sum\nu^{*}(t)\Phi_{k}(t)=\sum_{k\in S}x_{k}$
$t\in\hat{T}^{k\in S}$ $k\in S_{t\in\hat{T}}$
. QED.
1 $\{x_{k}\}$ , $\nu^{*}(t)$ $t$
. , 1
$\{x_{k}, k\in N\}$ , ,
$\{\beta(k), k\in N\}$ (7) .
5
1 , $K$ 48 6 , 2
. 2 , 22 , 30
. , 18 .





, 1 2 ,
. 1 , 2 , 1
1 , 2 4 .
, . 11 , 10
$\Omega$ . , $t=1,2,$ $\cdots,$ $8$ ,
24, 15, 14, 13, 11, 10, 9, 8 , 10 , 8 8
1 . $|\Omega|=2982$ .
3 3 $N$ , 1, 2, 3 .
, , $k$ $t$ $\Phi_{k}(t)$
, $k=1,3$ $\Phi_{k}(t)=2,$ $t=2,$ $\cdots,$ $10$ , $k=2$
$\Phi_{k}(t)=3,$ $t=2,$ $\cdots,$ $10$ . , 1 24 , 11
, . $i$
$\alpha_{i}$ $\alpha_{i}$ ;1 , $k$
$\alpha_{k}=0$ . , $x$ $f(x)=1-\exp(-x)$
. , ,
, , .
$(D_{N})$ , 1 $\{x_{1},$ $x_{2},$ $x_{3}\}$ .
$1/|\Omega|$ 48 , 12
70% . 1 .
. 12 ,
, $\{$ 13, 12, 11, 10} , 24 , 2
, . ,
, .
$t$ , $K$ $i$ $\sum_{k\in\Omega}$ . $\pi(\omega)$ $\varphi(i, t)$
, 1 ,
. 2 , 24




Path2 0.095124 15 7 6 5 4 3 2 1 8 8
Path3 0.0951 24 33 41 48 47 46 45 43 42
Path4 0.0866 24 24 14 13 12 11 10 9 8 8 8
Path5 0.0865 24 2415 7 6 5 4 3 2 1 8
Path6 0.0484 24 24 33 41 40 39 38 37 36 35 34
Path7 0.0467 24 24 33 32 39 38 37 36 35
Path8 0.0366 24 24 23 14131211 10 8 8 8
Path9 0.0366 24 24 23 14 13 12 20 19 10 9 8
Path10 0.0342 24 24 24 24 15 14 13 12 11 10 8
Path 11 0.0340 24 24 24 24 23 14 13 12 11 10 8
Path12 0.0331 24 23 32 40 39 38 37 36 35 34 34
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. , 1 3
$\{x_{1}, x_{2}, x_{3}\}=\{1.74,2.61,1.74\}$ , 2:3:2 ,
. ,
$w(N)=6.10$ . , $a=e$ (7) , 3
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